Background and Objectives: Chronic obstructive pulmonary disease (COPD) affects over 250 million people globally, carrying a notable economic burden. This systematic literature review aimed to highlight the economic burden associated with moderate-to-very severe COPD and to investigate key drivers of healthcare resource utilization (HRU), direct costs and indirect costs for this patient population. Materials and Methods: Relevant publications published between January 1, 2006 and November 14, 2016 were captured from the Embase, MEDLINE and MEDLINE In-Process databases. Supplemental searches from relevant 2015-2016 conferences were also performed. Titles and abstracts were reviewed by two independent researchers against predefined inclusion and exclusion criteria. Studies were grouped by the type of economic outcome presented (HRU or costs). Where possible, data were also grouped according to COPD severity and/or patient exacerbation history. Results: In total, 73 primary publications were included in this review: 66 reported HRU, 22 reported direct costs and one reported indirect costs. Most of the studies (94%) reported on data from either Europe or North America. Trends were noted across multiple studies for higher direct costs (including mean costs per patient per year and mean costs per exacerbation) being associated with increasingly severe COPD and/or a history of more frequent or severe exacerbations. Similar trends were noted according to COPD severity and/or exacerbation history for rate of hospitalization and primary care visits. Multivariate analyses were reported by 29 studies and demonstrated the statistical significance of these associations. Several other drivers of increased costs and HRU were highlighted for patients with moderate-to-very severe COPD, including comorbidities, and treatment history. Conclusion: Moderate-to-very severe COPD represents a considerable economic burden for healthcare providers despite the availability of efficacious treatments and comprehensive guidelines on their use. Further research is warranted to ensure cost-efficient COPD management, to improve treatments and ease budgetary pressures.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by incurable, progressive airflow restriction and has various clinical forms, including emphysema and chronic bronchitis. 1 Periods of time in which patients experience an acute deterioration in their respiratory symptoms, known as exacerbations, are a common manifestation of the disease. 1 A debilitating yet preventable multifactorial disease, COPD is estimated to affect over 380 million people worldwide. 2 The goals of COPD pharmacologic therapy are to provide symptomatic relief, improve health status and exercise tolerance, and prevent and treat exacerbations. 1 While therapeutic regimens are adapted according to the needs of each individual patient, most pharmacologic maintenance treatments can be categorized as either inhaled corticosteroids (ICS), long-acting muscarinic antagonists (LAMA) or long-acting β 2 -agonists (LABA), 1 and are often administered as combinations. As an example, triple therapy with an ICS, LAMA and LABA has been shown to improve lung function and patient-reported outcomes, including exacerbation risk, compared with ICS/LABA or LAMA monotherapy. 1 Despite recent advances within the field and the availability of guidelinerecommended treatments, current management is inadequate for many patients with COPD; this unmet need, coupled with the high prevalence of the condition, suggests a high clinical and economic burden, and this has been demonstrated in a number of studies.
Previous publications have indicated that COPD is associated with a substantial economic burden, both in terms of direct costs to healthcare systems and indirect costs to society. 1, [3] [4] [5] In the United States (US), for example, direct costs of COPD were estimated to be $32 billion in 2010, with indirect costs (incurred by lost working days, for instance) accounting for an additional $20.4 billion. 3 While evidence on the economic burden of COPD exists, it generally comprises individual studies that are limited by factors such as population characteristics, geographical location and clinical setting. To better understand the current COPD-related burden in settings where patients are likely to be managed as per globally recognised treatment algorithms, such as from the Global Initiative for Chronic Obstructive Lung Disease (GOLD), 1 we performed a comprehensive systematic literature review (SLR) of real-world observational studies in patients with moderate-to-very severe disease and/or those with a history of exacerbations, conducted across a number of industrialized countries during the last decade. This evidence was obtained to address two research questions. Firstly, what is the global economic burden associated with moderate-to-very severe COPD? This was examined with a specific focus on regions with high utilization of healthcare resources, such as Australia, Europe, Japan and North America? Secondly, what are the key drivers of economic burden in moderate-to-very severe COPD?
Materials and Methods

Literature Search
This SLR was conducted using processes similar to those outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 6 to identify articles assessing both the economic and/or humanistic burden of COPD. This review summarizes the evidence of COPD's economic burden only; humanistic outcomes will be reported in another publication. Searches were conducted to capture publications of interest from January 1, 2006 to November 14, 2016 using the electronic literature databases Excerpta Medica Database (Embase), via embase.com, MEDLINE (via embase.com) ( Supplementary Table 1 ) and MEDLINE In-Process (via ncbi.nlm.nih.gov/pubmed) (Supplementary Table 2 ).
Supplemental grey literature searches of proceedings from the following relevant conferences that took place in 2015 and 2016 were also conducted: European Respiratory Society (ERS), American Academy of Allergy, Asthma, and Immunology (AAAAI), American Thoracic Society (ATS) and International Society for Pharmacoeconomics and Outcomes Research (ISPOR).
Bibliographies of identified SLRs on the economic burden of COPD were examined for any additional relevant publications and to validate the electronic searches.
Study Selection
During the first level of review, titles and abstracts were screened by two investigators independently using predefined inclusion and exclusion criteria ( Supplementary  Table 3 ). To be included, articles needed to be Englishlanguage observational studies published between January 1, 2006 and November 14, 2016 examining adult patients with moderate-to-very severe COPD (defined as postbronchodilator forced expiratory volume in 1 s/forced vital capacity [FEV 1 /FVC] of <0.70, plus 50%≤FEV 1 <80% predicted [moderate], 30%≤FEV 1 <50% predicted [severe], or FEV 1 <30% [very severe], or in accordance with GOLD recommendations or other measures employed by investigators), or with a history of frequent exacerbations (≥2 exacerbations in the previous year that required treatment with oral/ systemic corticosteroids and/or antibiotics) or exacerbationrelated hospitalizations, in the context of healthcare resource utilization (HRU) and costs. Full-text articles for abstracts deemed to be relevant during the first level of review were retrieved and reviewed. Data were restricted to nine countries of interest: Australia, Canada, France, Germany, Italy, Japan, Spain, the United Kingdom (UK), and the United States (US). None of the exclusion criteria and all protocol-specified inclusion criteria needed to be met for inclusion. All rejected records were re-reviewed as a quality-assurance step. At both review stages, any discrepancies were resolved through discussion between the two reviewers and/or by a third, more senior, investigator.
Data Extraction and Synthesis
A standardized data extraction template was used to collect key data elements from the Consolidated Standards of Reporting Trials (CONSORT) checklist (www.consortstatement.org), including study type, study characteristics, population/subpopulations of interest, patient characteristics and categories of outcomes reported. Each entry was validated by a second researcher and a third, more senior, investigator was involved as a quality-assurance step to confirm extractions or resolve disagreements.
Given the nature of the data, it was not appropriate to conduct a quantitative analysis; however, studies were grouped according to the type of economic outcome (direct costs, costs per exacerbation/hospitalization, indirect costs and HRU). Throughout this manuscript, costs are presented as mean (standard deviation [SD]) unless otherwise indicated.
Where possible, data were also grouped according to population characteristics: those with moderate-to-very severe COPD as defined by FEV 1 % predicted, and/or those with a history of exacerbations and moderate-tovery severe COPD not defined by FEV 1 % predicted.
Although no formal quality assessment was conducted on these economic studies, aspects related to the quality of the outcomes of these studies were considered in our interpretation of the evidence, including, for example, sample size and study design.
Results
Literature Search
After duplicates were removed, the electronic database searches yielded 2343 unique publications ( Figure 1 ). Of these, 979 passed the initial title/abstract screening step, and 409 passed the second level of title and abstract screening. A total of 100 publications were excluded at this stage for not reporting on moderate-to-very severe COPD. Overall, 139 publications met the eligibility criteria for inclusion. An additional six publications were identified through manual review of bibliographies, giving a total of 145 publications reporting data on the humanistic and/or economic burden associated with moderate-to-very severe COPD. The 73 primary publications that reported on COPD's economic burden are included in this manuscript (Table 1) , while studies reporting on humanistic burden will be summarized in a separate publication.
Study Characteristics
Most of the studies (94%) reported on data from either Europe or North America, with 3% (n=2) reporting on data from Japan and 4% (n=3) from Australia ( Figure 2 ). Of the 73 studies, most reported on HRU (n=66), followed by direct costs (n=22) and indirect costs (n=1) ( Figure 3 ). In total, 29 publications reported multivariate data on drivers/ predictors of costs and/or HRU ( Figure 3 ).
Economic Burden of Moderate-to-Very Severe COPD HRU
In total, 66 studies reported on HRU, including data regarding hospital admission and length of stay, general practice/primary care visits and intensive care unit (ICU) admission. While more details of HRU in the included studies are included in Supplementary Table 4 , in the interests of brevity we have chosen to focus this section on the economic burden of care in the primary, secondary and ICU settings. It must be noted, however, that the studies captured in this review were heterogeneous in nature and are thus challenging to summarize.
In the studies that reported annual hospitalization rates according to COPD severity, COPD-related hospitalizations occurred at a mean annual rate of between 0 and 0.57 in patients with moderate COPD (50%≤FEV 1 <80% predicted). [7] [8] [9] [10] [11] Patients with severe COPD (30%≤FEV 1 <50% predicted) experienced between 0 and 0.44 mean COPD-related hospitalizations per year, while patients with very severe COPD (FEV 1 <30% predicted) were hospitalized more frequently, from 0 to 0.88 times per year. [7] [8] [9] [10] [11] In studies where patients' disease severity was not specified, the highest mean rate of COPDrelated annual hospitalizations reported was 1.78 in a population of Spain-based patients who experienced acute exacerbations leading to hospital admission. 12 Conversely, the lowest mean rate of COPD-related annual hospitalizations reported was 0.1, in a Spain-based cohort of patients who had experienced <2 exacerbations in the previous year. 13 The mean number of annual general practitioner (GP) or primary care visits also varied widely, both within and between COPD severity subgroups. The mean number of visits per patient per year (PPPY) ranged from 2.33 to 12.99 for mild COPD (FEV 1 ≥80% predicted), and from 2.33 to 13.0 for moderate COPD (2.33 visits PPPY was described for patients with "mild-to-moderate COPD" [FEV 1 ≥50% predicted]). 8, 11, [14] [15] [16] [17] Patients with severe COPD seemed to visit their GP more frequently, from 2.8 to 15.06 times per year. 8, 11, [14] [15] [16] [17] Fewer studies reported the mean number of primary care visits for patients with very severe COPD, but in those that did, the frequency ranged from 3.67 to 12.22 per year. 8, 11, 15 The highest number of GP visits reported was 15.94 per year in a UK-based cohort of patients who experienced ≥2 COPD exacerbations that were moderate-to-severe in severity. 18 Only two studies reported length of hospital stay according to COPD severity. One UK-based study reported little variability according to disease severity, with a median stay of 5 days irrespective of whether the patient's COPD was defined as mild, moderate or severe. 11 Length of stay increased to a median of 6 days for patients with very severe disease (FEV 1 <30% predicted) in this study. 11 A study conducted in Spain observed a difference according to COPD 9 Punekar, 2013a; 76 Punekar, 2013b; 77 Punekar, 2013c; 78 Publications linked by named source: Merinopoulou, 2016; 8 Punekar, 2013a; 76 Punekar, 2013b; 77 Punekar, 2013c; 78 Punekar, 2015; 15 Publications linked by named data source:
Punekar, 2013a; 76 Punekar, 2013b; 77 Punekar, 2013c; 78 Punekar, 2015a; 10 Punekar, 2015b 15 Publications linked by sample:
Punekar, 2013a; 76 Publications linked by named data source:
Punekar, 2013a; 76 Punekar, 2013b; 77 Punekar, 2013c; 78 Punekar, 2014 18 Punekar, 2015b 15 Retrospective cohort [ Publications linked by named data source: Punekar, 2013a; 76 Punekar, 2013b; 77 Punekar, 2013c; 78 Punekar, 2014 18 Punekar, 2015a 10 Publications linked by sample: 14 In studies that did not report length of stay according to disease severity, the shortest mean duration reported was 3.24 days (for patients with no diastolic dysfunction) in a US-based study 19 and the longest was 13.2 days in a Canada-based study. 20 ICU admission rates were not reported according to disease severity, but ranged from 5% of all hospitalized exacerbations in a study conducted in Spain 12 to 19% of all hospitalized exacerbations in a USbased study. 21 It is also important to note that the review identified several studies showing increased COPD-associated HRU with exacerbation frequency and the severity of COPD symptoms, particularly breathlessness/dyspnea. Exacerbations are a key driver of HRU by patients with COPD and studies captured in this SLR indicated that patients who experienced more exacerbations had more frequent primary care interactions, 11, 18, 22, 23 visits to the emergency department (ED), 22, 23 hospitalizations 13, 18, [22] [23] [24] [25] and admissions to the ICU 13,22 than patients with fewer exacerbations did. Similarly, a retrospective study conducted in the UK primary care setting noted that the rate of hospitalization for a severe exacerbation within a 24-month observation period was 0.12 for patients with moderate breathlessness, increasing to 0.14 and 0.19 for patients with severe and very severe breathlessness, respectively. 10 A similar trend was noted for GP home visits, though rates for GP surgery visits were slightly higher for patients with moderate breathlessness (13.00) than those with very severe breathlessness (12.22). 10
Direct Costs
Direct costs were reported by a total of 22 studies and a full summary of these results is presented in Supplementary  Table 5 . In the interests of brevity, we focus here on mean costs PPPY and mean costs per exacerbation, though differences in currencies and cost years mean that comparisons should be interpreted with caution. In total, nine studies presented mean costs PPPY and demonstrated that costs can vary widely across and within countries, and according to patient or disease characteristics. 7, 15, 18, 23, 24, [26] [27] [28] [29] The lowest mean costs PPPY were reported for a population of patients with mild COPD in Italy: €1047 PPPY (cost year, 2004). 7 The highest costs reported were also found in Italy, not unexpectedly for patients with very severe COPD, whose mean costs PPPY amounted to €38,820 (cost year, not reported [NR]). 26 Three studies specifically reported costs according to disease severity, demonstrating clear trends. In two studies based in the UK, costs PPPY increased from £2012-£2087 in patients with moderate disease, to £2092-£2290 in patients with severe disease and to £2258-£2639 in patients with very severe disease (cost year, 2011). 10, 18 A similar trend was observed in Italy: costs PPPY increased from €2319 in patients with moderate disease to €3752 in patients with severe disease and to €5033 in patients with very severe disease (cost year, 2004). 7 Three studies presented mean costs PPPY according to patient or disease characteristics. A study based in Japan observed a large discrepancy in costs according to presence and severity of dyspnea: patients with moderate-to-severe dyspnea (Medical Research Council [MRC] score ≥2) had mean costs PPPY of €6348, compared with only €2797 for patients with mild or no dyspnea (MRC score <2; cost year, 2015). 27 A retrospective study based in the UK healthcare setting also noted higher costs PPPY for patients with more severe breathlessness, but the differences according to severity were smaller: £2258 for very severe breathlessness, £2151 for severe breathlessness and £2012 for moderate breathlessness. 10 A trend according to increased costs with comorbidities was also noted; as an example, patients with heart disease had higher costs PPPY compared with patients without heart disease in a study conducted in Spain: €2898.66 vs €1672.64, respectively (cost year, NR). 28 This SLR also found that annual costs per patient generally increased according to exacerbation frequency. A study conducted in the UK (cost year, 2011), for example, noted that annual per patient costs related to COPD increased from £1523 in patients with no exacerbations, to £2405 in patients with one exacerbation, and to £3396 in patients with ≥2 exacerbations, in the 12 months following study entry. 18 The impact of exacerbation history as a driver of direct costs will be explored in greater detail in a later section of this review.
Exacerbations account for a substantial proportion of the direct costs associated with COPD, and this SLR captured seven studies that reported mean costs per exacerbation, 20, 21, 24, [29] [30] [31] [32] but few studies reported this outcome according to exacerbation severity. Two studies reported mean costs per moderate exacerbation (characterized by the need for management with COPD-specific antibiotics or oral corticosteroids, or a medical diagnosis), which ranged from $269 in the US (US dollars [USD] ; cost year, 2011) 29 to $641 in Canada (Canadian dollars [CAD] ; cost year, 2006). 20 Where mean costs were reported for severe exacerbations (defined by the need for hospitalization), 20, 21, 24, [29] [30] [31] [32] costs were higher than those reported for moderate exacerbations. The lowest reported mean cost for a hospitalized exacerbation was $3164 in Italy (USD; cost year, 2013), 30 while the highest was substantially greater: $18,120 in the US (USD; cost year, 2011). 29 The wide range of costs across countries is notable, even when being mindful of differences in currencies and cost years.
Although cross-trial comparisons are challenging due to differences in currencies and cost years, this SLR indicates that, consistent with the higher rates of HRU noted with increasingly severe disease and COPD symptoms, and more frequent exacerbations, direct costs generally increase alongside COPD and symptom severity, and exacerbation frequency. Specific independent drivers of direct costs will be explored by examining multivariate analyses in a later section of this review.
Indirect Costs
Only one study on indirect costs, conducted in Spain, was identified. 28 This study reported on outpatients with moderate-to-very severe COPD (FEV 1 <80% predicted) and found a statistically significant difference in the cost of sick leave days PPPY in those without heart disease (€76.61) compared with those with heart disease (€38. 33 [cost year, NR]; p<0.05). This SLR did not identify any studies that explored potential predictors of indirect costs in patients with moderate-to-very severe COPD.
Key Drivers of Economic Burden
This SLR identified 29 studies in which multivariate analyses were performed to explore potential drivers of economic burden in patients with moderate-to-very severe COPD. Of these studies, 24 reported multivariate analyses of HRU outcomes ( Table 2 ; Supplementary Table 6 ) and seven reported direct costs (Table 3 ; Supplementary  Table 7 ).
HRU
Independent drivers of more frequent hospitalization for a COPD-or respiratory-related cause included increasing disease severity, 33 restricted lung function 33 and higher baseline C-reactive protein concentrations. 34 Increasingly severe disease was also an independent driver of more frequent non-COPD-related hospitalizations, 35 as were the number of previous exacerbations, use of short-acting β 2 -agonists (SABA) and use of long-term oxygen therapy (LTOT) among other variables. 25 Factors independently associated with longer hospital stays for a COPD exacerbation were numerous and were reported in six studies. 31, 32, [36] [37] [38] [39] Drivers included the presence of comorbidities such as stroke 31 and some cardiac abnormalities, 31, 32 advancing age and being female. 36 Furthermore, specific care-related factors such as a hospital's size, location or type were also found to be independent drivers of length of stay. Increased hospital size, for example, was associated with longer stays but admission to a teaching hospital was associated with shorter stays compared with a non-teaching hospital. 36 Some cardiac abnormalities, such as congestive heart failure and dysrhythmia, 32 alongside pneumonia, anemia and anxiety or depression among other comorbidities, were identified as independent drivers of ICU admission. 32 Severe COPD (indicated by the use of home oxygen, oral/intravenous steroids, vasopressors or ventilation) and higher B-type natriuretic peptide levels were both found to be drivers of longer ICU stays. 38 Eight studies analyzed potential drivers of COPDrelated readmission to hospital for patients admitted with an exacerbation of COPD. [39] [40] [41] [42] [43] [44] [45] [46] Among those that explored readmission for another exacerbation in the shorter term (within 30 days or within 2 months), history of coronary heart disease, 46 hospitalizations in the previous year 44 and baseline FEV 1 <30% predicted (vs ≥50% predicted) 43 were identified as independent drivers of increased readmission risk, but this is not an exhaustive summary. Interestingly, though perhaps not surprisingly, taking 150 mins of moderate-to-strenuous exercise each week was independently associated with a lower risk of readmission for an exacerbation within 30 days. 44 Regular physical activity was also independently associated with lower readmission risk in another study. 39 Studies that assessed risks of readmission for another exacerbation in the longer term (with followups ranging from 1 to 6 years) identified congestive heart disease and pulmonary heart disease as independent drivers of increased risk. 41 Notably, ischemic heart disease and cardiac arrhythmia were also identified as drivers of increased readmission risk, but only in female patients. 41 Being male 40, 42 and having a history of previous hospital stays 40 were similarly associated with an increased risk of readmission. Factors identified as drivers of lower readmission risk for a COPD-related cause in the long term included Hispanic ethnicity and diabetes. 40 Hemoglobin oxygen saturation 50
Notes: a Living alone, COPD exacerbation frequency and not having a family doctor were also described as drivers through multivariate analysis, but inconsistencies in data reporting rendered these results difficult to interpret in terms of the nature of their association. 93 b Age, comorbidity, FEV 1 % predicted, SGRQ total score, COPD exacerbation frequency, LTOT and not having a family doctor were also described as drivers through multivariate analysis, but inconsistencies in data reporting rendered these results difficult to interpret in terms of the nature of their association. 93 Notes: a High income was defined as income ≥$52,480 (USD). b COPD severity, length of hospital stay, number of days in the ICU and treatment in an urban hospital or teaching hospital were also identified as significant drivers of direct costs, but the direction of the association was not clearly reported. 31 Abbreviations: CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; ED, emergency department; ICS, inhaled corticosteroid; ICU, intensive care unit; LABA, long-acting β 2 -agonist; LAMA, long-acting muscarinic antagonist; LTOT, long-term oxygen therapy; MRC, Medical Research Council; SAMA, short-acting muscarinic antagonist; US, United States; USD, United States dollars.
The majority of factors found to be independently associated with an increased risk of readmission for any cause were comorbidities, ranging from liver disease, paraplegia and substance abuse, 47 to neurologic conditions and heart disease. 31 Having an increased number of comorbid conditions was also associated with an increased risk of readmission. 31 For drivers of primary care utilization, associations between more frequent GP visits and being female, suffering with obesity, depression, anxiety or other comorbidities were noted in one retrospective cohort study. 10 Emergency department visits of any cause were found to be independently associated with COPD severity, 35 age, comorbidity, exacerbation frequency 10 and emotional intelligence, 48 among other factors. One study reported on potential drivers of LTOT and found that female gender, white race (vs black or other races), low socioeconomic status and a higher Elixhauser Comorbidity score (among other variables) were independently associated with an increased likelihood of receiving such therapy. 49 A cross-sectional study among patients with COPD in Spain identified drivers of high HRU, defined as having had one hospital admission for a COPD exacerbation, ≥2 ED visits for COPD exacerbations or ≥2 unscheduled outpatient visits related to COPD in the previous year. Independent drivers included London Chest Activity of Daily Living (LCADL) scale score, leukocyte count and fibrinogen level. 50 
Direct Costs
Increasingly severe dyspnea was identified as an independent driver of higher annual COPD management costs per patient, 27 while older age, receipt of appropriate bronchodilator therapy and higher pre-index COPD-related costs 51 were found to be independent predictors of higher COPDrelated costs per patient at 6 months after discharge. In two retrospective cohort studies that assessed potential drivers of annual exacerbation costs for patients with chronic bronchitis, numerous independent drivers were identified. Regarding increased annual exacerbation costs per patient, these included being of black race, high income, comorbid cardiovascular disease and comorbid diabetes, among other factors. 23 Independent drivers of higher costs per individual exacerbation (of any severity) in patients with chronic bronchitis included Deyo-Charlson's Comorbidity Index score, the number of exacerbations during the previous year and the number of prescription fills for short-acting muscarinic antagonist (SAMA) therapy, among other factors. 29 Potential drivers of costs per hospitalized exacerbation were assessed in three studies conducted in the US. 31, 32, 36 Independent predictors of higher costs included cardiac comorbidities, such as congestive heart failure and ischemic heart disease, 32 the nature of the patient's COPD (emphysema vs chronic bronchitis), as well as advancing age, 36 Hispanic race (vs white race), and ICU treatment, 31, 36 among other factors. Severity score was also described as a predictor of costs, but the nature of this association was unclear in the source publication. 31 
Discussion
It is important to understand the economic burden associated with moderate-to-very severe COPD and its treatment, particularly given that COPD presents major challenges for patients, healthcare providers and society. Optimal management of patients, their symptoms and exacerbations is one such challenge. This SLR investigated the current impact of COPD on HRU needs and both direct and indirect costs, based on a broad definition of patients whose COPD severity was typically confirmed by FEV 1 % predicted or assumed (from exacerbation history) to be at least moderate. The analysis was intentionally limited to nine industrialized countries of interest (and to a 10-year time frame) to ensure inclusion of evidence from settings where patients were likely to be receiving guideline-recommended therapeutic management; the US was the most well-represented country.
Fewer studies reported costs compared with those that provided HRU evidence and, considering the inherent variation in geographical location, timing and methodology between the available studies, cross-study comparisons should be interpreted with caution. Overall, however, direct costs were found to generally increase with COPD severity, exacerbation frequency and severity of COPD symptoms. The SLR also found higher rates of HRU, in terms of hospitalization, length of hospital stay and primary care interactions, for patients with more severe COPD, more frequent COPD exacerbations and more severe COPD symptoms.
As shown by the numerous studies that performed multivariate analyses, independent drivers of HRU and costs are diverse. Factors related to disease severity, the frequency and severity of COPD exacerbations, comorbidities and treatment history (among others) were significantly associated with elements of HRU, ranging from hospitalization to LTOT. More severe COPD and a history of frequent exacerbations, for example, were each positively associated with an increased likelihood of hospitalization. 25, 33, 35 Disease severity was also identified as a driver of ED visits, 35 and longer hospital or ICU stays. 38 These multivariate data support trends reported in other studies, captured both in this SLR and others in the broader literature. As an example, a cross-sectional survey conducted across France, Germany, Italy, Spain and the UK found that moderate-to-severe dyspnea was associated with a significant disease burden in patients with COPD, and was associated with significantly more frequent hospitalizations, specialist and physician consultations, LTOT use and pulmonary rehabilitation (all p<0.0001). 52 Examining multivariate analyses of direct costs per patient for COPD also identified dyspnea severity, 27 and exacerbation frequency 29 and severity 23 as significant drivers. This was perhaps to be expected: a more intensive treatment regimen may be required to manage symptoms and/or exacerbations and thus is likely to carry a burden of increased costs. These results are in keeping with the SLR of economic burden in COPD by Srivastava et al (2015) , which found that direct and indirect costs per patient increased with symptoms, dyspnea severity and disease duration. 53 The data are also supported by results reported by other studies captured in this SLR that did not employ multivariate analyses: trends for higher costs according to more severe disease were noted in both Italy 7,26 and the UK. 10, 18 Other key drivers identified through multivariate analysis as predictors of economic burden in moderate-to-very severe COPD included the number of previous exacerbations, as well as the presence and types of comorbidities. Comorbidities have frequently been associated with significantly higher costs for patients with COPD in the wider literature. [53] [54] [55] [56] An SLR of 12 studies from the US and across Europe/Asia that analyzed the excess costs of comorbidities in COPD found that pneumonia, cardiovascular disease and diabetes were associated with the highest excess costs. 55 This SLR supports these findings: comorbid diabetes and comorbid cardiovascular disease were found to be potential predictors of annual exacerbationrelated costs 23 and pneumonia was found to be an independent predictor of the cost of exacerbation-related hospitalization. 32 These findings highlight the importance of careful management of comorbidities alongside optimal COPD-specific therapy, to minimize HRU and associated costs.
A limitation of this study was perhaps the paucity of data available on indirect costs. However, among the studies identified by the SLR was a 2016 population-based survey across 12 countries (including the US, the UK, Germany, Italy and Spain), which described how indirect costs were several times greater than direct costs in many countries. 30 This highlights the extreme, and often hidden, economic burden carried by loss of productivity and absenteeism. A US-based survey focusing on all COPD severities (not just moderate-to-very severe) observed that COPD-attributable absenteeism accounted for costs of approximately $3.9 billion dollars in 2010, with an estimated 16.4 million work days lost due to COPD; these costs are expected to rise in coming years. 57 With their clear impact on economic burden, the indirect costs of COPD certainly warrant further investigation across regions and healthcare systems.
This study employed a pragmatic approach and allowed a flexible definition of moderate-to-very-severe COPD, though this automatically introduced a degree of between-study heterogeneity in the SLR, which made comparing data between studies more challenging. Nonetheless, many of the key outcomes were consistently demonstrated across studies, and, where possible, we qualitatively compared HRU and costs according to disease severity. The trends observed and inferences made through qualitative analysis were supported by multivariate analysis studies captured by this SLR, which were specifically designed to identify independent predictors of COPD's economic burden.
This study focused on moderate-to-very severe COPD: studies examining only mild COPD were excluded. Although widening the search parameters may have delivered a more comprehensive dataset, COPD is underdiagnosed in its early stages. As many patients do not become known to healthcare systems until their disease has advanced to moderate-to-severe stages, 58 it is likely that the parameters employed by this SLR captured the majority of patients with a confirmed COPD diagnosis.
This SLR provides detailed evidence of the considerable real-world economic burden carried by moderate-tovery severe COPD, especially for patients with a history of exacerbations and/or more severe COPD, despite the availability of efficacious treatments and well-defined guidance on their use.
With worldwide healthcare budgets facing increasing financial pressures, understanding the economic burden of diseases such as COPD is essential to ensure that the disease is managed efficiently and that emerging therapies are made available to the patients who need them. Further progress in the management of COPD exacerbations and HRU is required to improve patient care and to reduce the associated strain on healthcare budgets around the world.
